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ABSTRACT

The feasibility of using scale patterns and linear discriminant functions to
estimate the contribution of Alaskan and Canadian stocks of sockeye salmon
(Oncorhynchus nerka Walbaum) to the fisheries of southern Southeastern Alaska
and northern British Columbia was examined using data collected in 1982. Sig-
nificant and persistent differences were found in the patterns of scale growth
during freshwater and early marine life history between stocks originating in
Alaska and Canada. Sockeye salmon from Alaskan stocks grew less and slower
during their lacustrine residence than did fish from Canadian stocks. Also,
Alaskan fish rarely exhibited spring plus growth, while Canadian fish almost
always did. Because jackknife accuracy for the linear discriminant function
remained high when data for each of four age classes was pooled (93.3% average
for four age-specific models vs 88.2% for one age-pooled model), the variation
in patterns between nations is greater than within nations across years. When
the Stikine River stocks were separated from other Canadian stocks, a small
penalty in accuracy was paid; scales from Stikine River fish were misclassed
most often as being from other Canadian stocks. A sensitivity analysis on the
way in which scales are selected for model construction was conducted with a
second set of scales of known origin. Because model accuracy proved robust to
the manner of scale selection, no prior knowledge regarding migratory pathways,
stock abundance, or age composition was required to draw samples to represent
each nation. We conclude that scale pattern analysis is a cost effective and
efficient method for estimating the contribution of each nation's stocks to the
fisheries of the other. Because interannual variability in scale patterns is
small, programs with historical models can be developed to provide estimates of
interception rates during each fishery.

KEY WORDS: sockeye salmon stock identification, interception rates, scale
patterns, salmon stock classification accuracy, scale sampling
design, identification of Canadian and Alaskan sockeye stocks
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INTROBUCTION

During the Tast two decades, the governments of the United States of America

and of Canada have been negotiating a treaty to cooperate in the management,
research, and enhancement of Pacific salmon (oncorhynchus sp.) stocks that are
harvested by nationals of both countries. Interception of salmon bound for

one country's rivers as they migrate through the territorial waters of the

other country is one of the negotiated issues. In southern Southeastern Alaska,
1imiting the magnitude of interception of sockeye salmon (0. nerka) bound for
the Nass, Skeena, and Stikine Rivers is of concern to Canada. If fishery managers
in Alaska are to answer this concern while permitting harvest of suplus produc-
tion from Alaskan rivers, they require knowledge of the temporal and spatial
variation in interception rates of sockeye salmon from the Nass, Skeena, and
Stikine Rivers in Alaska waters. A similar situation exists with respect to
interceptions of Alaskan sockeye salmon by Canadians.

In 1982, an international research program was started to assess the feasibility
of several methods of estimating the numbers of salmon bound for rivers in one
country but intercepted by fisheries of the other. Each tested method uses
characteristics of captured fish to indicate where those fish would have gone
had they not been caught. For instance, if the parasite Myxobolus neurobius

is found only in the brains of fish bound for rivers in Alaska, a simple alloca-
tion can be made according to the incidence of this parasite in samples of brain
tissue taken from captured salmon. Besides the incidence of pathogens, differ-
ences in genotypes, and scale patterns have been proposed as attributes upon
which methods to allocate catches can be based. Also, man-made attributes, such
as tags, have been proposed as the basis for methods to estimate interception
rates.

Scale pattern analysis is based on differences in the arrangement of circuli on
scales. Because the pattern of circuli is a history of the growth of a fish,
salmon with the same history have similar scale patterns, while those with differ-
ent histories have different patterns. The greater the difference among scale
patterns, the better one pattern can be distinguished from another. To do a

scale pattern analysis, subsamples of scales, one subsample from each escapement
sample, are combined to represent the groups of stocks to be separated in the
catch. Patterns of circuli are measured in several ways on each subsampled

scale, thereby building data sets of variables that describe the typical pattern
for each group of stocks. Next, these data sets are compared against each other
with statistical techniques to build a decision rule (discriminant function) which
can be used to classify scales as belonging to one of the groups. The accuracy of
the discriminant function is tested with scales from fish of known origin, and
correction factors are calculated from the errors made with the discriminant
function. Finally, the discriminant function and its correction factors are

used to classify fish of unknown origin from the catch to one of the groups. The
incidence of fish classified to a run is the ‘interception rate for that group.

In this report we answer the following questions: Can scale pattern analysis be
used to distinguish fish bound for Alaskan versus Canadian (primarily the Nass,
Skeena, and Stikine) rivers? First, are the scale patterns on fish with origins
in Alaskan territory different than the patterns on scales from fish from Canadian
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territory? If differences in patterns exist, scale pattern analysis is possible.
Next, are differences greater between nations or within nations? If differences
are greater between nations, then scale pattern analysis can provide an accurate
decision rules that parallel management concerns. And finally, if differences

in scale patterns do exist, are these differences persistent from year to year?
If differences are persistent, scale pattern analysis based on historical models
could be used during a fishing season to calculate interception rates as the
season progresses.

METHODS

Overview

We considered two, commonly used methods of multivariate discriminant analysis:
the parametric linear discriminant analysis (Fisher 1936) and the nonparametric
nearest-neighbor analysis (Lachenbruch 1975). Because variables used in the
analyses proved normally or near-normally distributed and because preliminary
analysis with both techniques showed linear discriminant analysis had the higher
accuracy (only marginally so) with our data, the more computationally complex
and costly nearest-neighbor analysis was not used. Oliver et al. (1983) and

the RESULTS section of this report contain more detailed ussport for linear dis-
criminant analysis as the appropriate technique for the 1982 data.

The accuracy of decision rules generated from linear discriminant analysis on
scale patterns is an indication of the feasibility of this technique to correctly
identify the origin of sockeye salmon harvested in commercial fisheries. One
kind of accuracy is estimated during the construction of the Tinear discriminant
function, hereafter called the model, for each group individually and for all
groups as a mean accuracy. Once minimum sample sizes are met, this first kind

of accuracy is the principal component of the variance of estimated interception
rates (Pella and Robertson 1979). A second kind of accuracy is the ability of
the model to correctly classify the origins of a set of scales not used in model
construction. Both kinds of accuracy were investigated for this report.

Model Development and Use

Discussions with research and management biologists from both Canada and Alaska
exposed the need for two comprehensive models, a National Origin Model (NOM) and

a Stikine Model (SM). The NOM is useful in those fisheries where the mixed stocks
are only from rivers that 1ie totally within the boundaries of one or the other
nation. Preliminary results of an international tagging program conducted 1in
southern Southeastern Alaska in 1982 and previous tagging studies (Rich and Morton
1930; Verhoeven 1952; Noerenberg 1959; Logan 1967; Simpson 1968) indicate that a
NOM could be useful for fisheries in regulatory Districts 101 through 104 and 107
in Alaska and in Districts 1, 3, 4, and some of the northern subdistricts of Dis-
trict 31 in Canada; all are districts that contain few or no fish headed for the
Stikine River (Figure 1). Because estimation of the catches of sockeye salmon
bound for the Stikine River, a transboundary river, is a separate and an important
issue, the Stikine Model must do all that the NOM can do plus separate sockeye
salmon heading to the Stikine River from the remaining Canadian stocks. The SM
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Figure 1. Fishery management districts in southern Southeastern Alaska and
northern British Columbia.



could be most useful in fisheries in Alaskan Districts 105, 106, and 108 where
fish from the Stikine River have been most commonly found, but could be used
in all Alaskan and Canadian districts where fish from the Stikine River are
present or not.

Scales for the models were taken from 28 Alaskan rivers with the largest 1982
escapements of sockeye salmon between Frederick Sound and Dixon Entrance
(McGregor 1983) and from the Nass, Skeena, and Stikine Rivers (Figure 2). For
the NOM, Alaska stocks are those from rivers that are toally within US territory,
and Canadian stocks are those from the Nass, Skeena, and Stikine Rivers. In the
SM, the stocks of the Stikine River are a separate group. Although preliminary
results from international tagging studies done in 1982 show that some fish from
stocks from as far north as Yakutat, Alaska and from as far south as the Fraser
River, British Columbia were caught in outer coastal fisheries, the incidence of
these fish is negligible, and they were not considered for this analysis.

Preliminary Comparisons:

One linear discriminant model for age 1.3 sockeye salmon was built to show
which populations of Alaska fish had scales most like those from Canada and
vice versa. The Stikine, Nass, Skeena, and each Alaskan river were each con-
sidered a separate origin in the model. Ninety-six scales from the Stikine
River, 110 from the Nass River, and 101 from the Skeena Rivers and about 50
from each of 24 Alaska rivers? were randomly selected from samples.

Historical Models and In-season Estimation of Interception Rates:

Because annual variation in scale patterns affects the ability of historical
models to distinguish scales from the two nations, a series of NOM and SM were
developed to test the significance of these effects on model accuracy (Figure 3).
First, scales were chosen from Alaskan and Canadian rivers for these models
according to the Equal Probability Rule as described in the following section

of this report. Next, NOM and SM were developed for each major age class in these
stocks which represented 3 year classes (1976, 1977, and 1978). Because ages 1.2,
1.3, 2.2, and 2.3 represented 99.7% of the 1982 catch (McGregor 1983), these were
the only age classes used in the analysis. Next, scales were pooled by similar
freshwater ages and then over all ages in the analysis. The decrease in accuracy
from age-class specific models to age-pooled models is an estimate of the effect
of annual variation in scale patterns on the accuracy of the models and subse-
quently on the usefulness of historical models for in-season estimation of inter-
ception rates.

1 European Formula - Numerals preceding the decimal refer to the number of

freshwater annuli; numerals following the decimal are the numbers of marine
annuli. Total age is the sum of these two numbers plus one.

2 Not all 28 Alaskan runs have large numbers of age 1.3 sockeye salmon; runs to

Leask, Kushneahin, Shipley, and Kah Sheets Lakes do not. Also, only 47 samples
are available from Helm Lake.
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Scale Selection and Model Accuracy:

If variation in scale patterns within territorial regions is large relative to
that among regions, scales with which to build models to discriminate among-
region differences in patterns must be selected according to the sizes of
stocks, their migration patterns, and possibly their age compositions to provide
a representative sample of scales for the region. Conversely, if within-region
variation in scale patterns is small relative to among-region variation, scales
can be chosen for the models without regard to these other attributes of the
stocks without significantly affecting the accuracy of models.

We built several NOM and SM based on scales that were selected with different
rules to measure the effect of scale selection on model accuracy, and tested
their accuracy on other scales of known origin. Four rules for selecting scales
were used to bujld 16 models (Figure 3), and each model was used to separate
three groups of test scales taken from escapements in the following proportions
90% Alaska 10% Canada; 50% Alaska 50% Canada; and 10% Alaska 90% Canada. Only
scales from fish aged 1.3 were used in building models and in test populations.
The test scales are substitutes for scales from catches made in Districts 101 and
102 and were selected from those escapements within Alaska and Canada that contri-
buted to fisheries in these districts according to preliminary results from the
1982 tagging program. Because the tagging program found no fish from the Stikine
River in these districts in 1982, only scales from the Nass and Skeena Rivers
were used as test scales from Canada. The four rules are as follows below:

1) Equal Probability. Scales were chosen at random from all rivers in
the study area. To select N scales from the 24 Alaskan runs used in
a model, we chose N/24 scales at random from each of the 24 runs, and
to select N scales from the three Canadian rivers, randomly chose N/3
from each. Note that under this rule, scales from the Stikine River
were used to build the SM even though no scales from the Stikine River
are in the test population. Also note that unless otherwise stated,
SM and NOM in the test of the historical models are built with scales
selected by the Equal Probability Rule.

2) Geographical Probability. Scales were chosen at random from all impor-
tant runs that contributed to the fisheries in Alaskan Districts 101
and 102 according to tagging studies conducted in 1982. To select N
scales from the six major and four minor Alaska runs' that have fish
caught in the districts, we chose N/7 scales randomly from each of the
six major rivers and the one group of minor streams. To select scales
from Canadian rivers by this rule, we ignored all scales from the
Stikine River and selected equal numbers (N/2) from the Nass and the
Skeena Rivers.

3) Escapement Probability. Scales were chosen according to the Geographical
Probability Rule, only the number of scales chosen from each run is a

1 Major runs to Hugh Smith, McDonald, Naha, Helm, Kegan, and Karta Lakes; minor

runs to Filmore, Johnson Cove, and Paul Lakes.
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product of the size of its escapement of age 1.3 fish. To select N
scales from M runs each with an escapement E, we randomly chose
NEigE from the ith river.

4) Tag Probability. Scales were chosen according to the Geographical
Probability Rule, only the number of scales chosen from each run is
a product of the contribution it made to the catch according to
tagging studies conducted in 1982. To select N scales from M runs
each with tags T caught in the fishery, we randomly chose NT;%T from
the ith river. Because no tags from Districts 101 and 102 were recov-
ered from the escapement to one large Alaskan river, this run was
excluded for this rulel.

If models built with scales selected by the Equal Probability Rule have the

same accuracy as models built with scales selected by the other rules, variation
of scale patterns within groups in the comparison is small relative to variation
among groups, and scales can be selected without regard to run strength or migra-
tory patterns.

Scale Collection and Measurement

Samples were collected over the entire season at weirs or on the spawning grounds
in Alaska, from the gilinet fishery in the lower Stikine River, and from the test
fisheries in the Nass and Skeena Rivers. Scales were taken from the preferred
area (see Clutter and Whitesel 1956), mounted on gum cards, and impressions made
in cellulose acetate.

Scales were measured according to zones that parallel the age of the fish. Cri-
teria used to determine age were essentially those of Mosher (1968). The first
two zones correspond to the first 2 years spent in freshwater (note that there is
no second zone on age 1.2 and 1.3 fish), the third zone corresponds to plus
growth realized during the spring of smoltification, and the fourth zone corres-
ponds to the first year in the sea (Figure 4). When the edges of resorted scales
precluded direct interpretation of marine age, marine age was assigned with length-
frequency histograms for individual escapements (see Tesch 1970). Although all
readable scales were aged, detailed measurements were made on a randomly selected
subset from each sample of scales. Scale impressions were projected onto a digi-
tizing tablet at 100x magnification using equipment similar to that described by
Bilton (1970) and modified by Ryan and Christie (1976). The size of the zones
(variables named IDs), the number of circuli in the zones (variables named NCs),
and the distance to circuli within zones (variables named TWOs, FOURs, SIXs, and
EIGHTs) were measured along a line starting at the focus with an angle of 20
degrees from the long axis and perpendicular to the sculptured field.

Computations

Scale measurements were grouped according to age and location to produce mean
vectors and variance-covariance matrices for the models. Scale measurements were
put into a series of data matrices:

1 The run to Helm Lake.
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where each row represents all measurements of (p) variables for one fish and

each column represents measurements of one variable for all (n) fish. A matrix
and a mean vector of variable measurements were generated for each combination

of age class and location. For the age-specific NOM, eight data matrices were
generated (1.2 Alaska, 1.2 Canada, 1.3 Alaska, 1.3 Canada, 2.2 Alaska, 2.2 Canada,
2.3 Alaska, and 2.3 Canada) to produce four models to separate Alaska from Canada
for fish aged 1.2, 1.3, 2.2, and 2.3. For the age-specific SM, nine data mat-
rices were generated (1.2 Alaska, 1.2 Stikine, 1.2 Nass-Skeena, 1.3 Alaska, 1.3
Stikine, 1.3 Nass-Skeena, 2.3 Alaska, 2.3 Stikine, and 2.3 Nass-Skeena); the
Stikine River contains almost no fish age 2.2. Age-pooled NOM and SM had fewer
data matrices, each a pooled combination of the data matrices for each of the
constituent ages in the pooled model.

Linear discriminant functions were built and their accuracy tested with procedures
available in the BioMedical Computer Programs P-series (Dixon and Brown 1979) on
the Honeywell Computer at the University of Alaska. In a typical analysis with
BMDP, mean vectors and variance-covariance matrices of measurements are derived
from the data matrices. Variance-covariance matrices are pooled across the popu-
lations to be discriminated, inverted, and the differences among the mean vectors
of these populations found. The discriminant function is built one variable at a
time with the next most discriminating variable included next. For each stage of
construction of the function, a jackknife procedure® is used to estimate the indi-
vidual group and mean accuracy of the model and to build a correction matrix to
compensate for its errors2. The comparison of age-specific and age-pooled models
is based on the mean accuracy from the jackknife procedure.

Application of a model and its correction matrix C to a set of scales from the
catch provides estimates of interception rates (see Cook and Lord 1978). A sample
of scales from a catch containing a mixture of groups can be represented by a

1A discriminant function is built using all samples but one. The function is

then used to estimate the origin of that one, omitted fish. Since the origin
of the omitted sample is known, the accuracy of the function is tested. The
procedure is then repeated only with a new sample excluded, and continues in
this fashion until the origins of all samples are estimated and the accuracy
of the model measured. Estimates of accuracy derived with the jackknife pro-
cedure are slightly biased, but negligibly so, as long as sample sizes are
large (>25).

2 The correction matrix is a square matrix with one column and one row for each
group. The element in the ith row jth column of the matrix is the fraction of
scales in group j that were classified as being from group i through the jack-
knife procedure. Diagonal elements in the matrix represent correctly classified
scales, while off-diagonal elements represent misclassified scales.
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vector u whose elements are the proportions that each group actually represents
in the catch. Use of the model to distinguish scales of unknown origin provides
an estimate G which is related to u in the following manner:

u'c = a'

Since C and G are known:

where u now contains the corrected estimates of the interception rates for each
group. For this procedure, Pella and Robertson (1979) developed a means of cal-
culating 90% confidence intervals for the estimated interception rates. Esti-
mates of interception rates and their confidence intervals were used to compare
accuracies of models based on scales selected according to different rules.

RESULTS

Differences in Scale Patterns

The differences between patterns on scales taken from sockeye salmon from each
nation in 1982 are apparent to the naked eye (Figures 5-6). Scales from Alaska
have small freshwater zones for 1 and for 2-year residents in freshwater. The
corresponding freshwater zones on scales from Canadian rivers are larger. Also,
zone three, the zone that corresponds to plus growth, is obvious in Canadian
scales but is nonexistent on most Alaskan scales. Histograms of measurements
(Figure 7) of the distances to circuli in the first freshwater and the plus-
growth zones (zones 1 and 3, respectively) on randomly selected scales from both
countries show that the freshwater zones on scales from Canada are significantly
larger than the same zones on scales from Alaska. Plus growth is about the same
for sockeye salmon from Alaska and from Canada when it exists, but only 18% of
%he sca1e§ from Alaska have plus growth compared to 92% of scales from Canada
Figure 7).

Preliminary Comparisons

Few Alaskan rivers had scales that were misclassified as being from the Stikine,
Nass, or Skeena Rivers, and few scales from these rivers were misclassified as
being from Alaska (Table 1). Scales from the Skeena River misclassified as being
from Alaska rivers (and vice versa) least often. Only 10% of scales from the
Stikine River and 16% of those from the Nass misclassified as being from Alaska
rivers. Of all the listed Alaska rivers in Table 1, only Filmore Lake and Helm
Lake had a significant portion of scales misclassified as belonging to one of the
large Canadian rivers. According to results from past tagging studies, sockeye
salmon from Filmore and from Helm Lakes have contributed to the fisheries in Dis-
trict 101 and 102, especially the Tlarger run to Helm Lake.

Historical Models; Nation of Origin Models (NOM)

The NOM, one for each of the four major age classes, correctly classified 87.8
to 92.8% of the sockeye salmon in the jackknifed samplie to either Alaskan or

-11-
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Typical scales from age 2.3 sockeye salmon from Alaska (right) and from Canada (left).
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Table 1.

Preliminary comparisons of scale patterns of sockeye salmon from 25
Alaskan rivers and the Nass, Skeena, and Stikine Rivers. Arrows
show the direction of misclassification. The number of rivers in
the Others category follows in parentheses. The numbers on the
arrows are the percent misclassified; for Others, these numbers are
averages for the category. Those Alaskan rivers not specified or
represented in Others are associated with no misclassifications.

Major Minor
Misclassification Misclassification
10% 13
. . . {==———— QOthers (6)
Nass River ——— Filmore Lake Nass River —————> Others (6)
5% 11%
2% 0%
. {=—————— Thamns Lake . {=—~———— Others (0)
Skeena River —————> Falls Lake Skeena River —————> Others (3)
4% 4%
19% 3%
ys . {=—=———— Helm Lake Lo . {=————— Others (2)
Stikine River ————> Klakas Lake Stikine River ————> Others (6)
8% . 2%
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Canadian waters with only three variables included in the function (Table 2).
Asymptotic accuracy' of the models ranged from 88.7 to 96.0%, while the accur-
acy with only the most significant variable in a model (a univarjate discriminant
function) ranged from 75.2 to 89.8%. In contrast, classification by random
chance alone would be correct only 50% of the time with two choices. Measure-
ments from the zone corresponding to first-year lacustrine growth {SIX(1), FOUR
(1), and ID(1)} and of the zone corresponding to plus~growth {TWO(3)} were the
most important variables in each NOM (Figure 7). The differences in the vari-
ables indicated that sockeye salmon spawned in 1976 (2.3), 1977 (1.3 and 2.2),
and 1978 (1.2) grew larger in Canadian lakes and had more plus growth there as
well.

When variables were pooled over ages, differences in zones representing lacustrine
growth over the years remained important to accuracy. Models for the same fresh-
water ages classified 88.4 to 89.3% of the sockeye salmon in the sample correctly
with only two or three of the most significant variables included (Table 2).
Asymptotic accuracy of these two-choice models ranged from 89.6 to 93.2%, while
the accuracy with only the most significant variable ranged from 81.4 to 83.9%.

As before with two choices, classifications by random chance alone would be
correct 50% of the time. Measurements within the zone corresponding to first-year
lacustrine growth {FOUR(1), SIX(1)} were the most important variables in the
models. If age is totally ignored, the accuracy of the all-age model with three
variables was 87.2%, its asymptotic accuracy was 88.2%, and its accuracy with

only the most significant variable {FOUR(1)} was 79.7% (Table 2).

Historical Models: Stikine Models (SM)

The SM, one for each of the three major age classes?, correctly classified 76.7

to 80.5% of the sockeye salmon in the jackknifed sample to either Alaskan rivers
or the Stikine River or to the Nass and Skeena Rivers with only three variables
included in the models (Table 3). Asymptotic accuracy (with all ten variables)

of the models ranged from 83.3 to 87.8%, while the accuracy with only the most
significant variable in the models ranged from 58.4 to 70.8%. In contrast, classi-
fications by random chance alone would be correct only 33% of the time with three
‘choices. Measurements of the size of the zone corresponding to first {SIX(1) and
FOUR(1)} and second year {SIX(2)} of lacustrine growth were the most important
variables in the models. The differences in the variables indicated that sockeye
salmon spawned in 1976 (2.3), 1977 (1.3), and 1978 (1.2) grew larger in Canadian
lakes. For the three SM for individual age classes, scales from the Stikine

River misclassified more often as being from the Nass or Skeena Rivers, and scales
from the Nass or Skeena Rivers more often misclassified as being from the Stikine
River (Table 4). Classification of scales from Alaska were highly accurate.

When variables were pooled over ages, the importance or differences in zones rep-

resenting lacustrine growth remained. The SM for all pooled ages classified 72.8%
of the sockeye salmon in the sample correctly with only three of the most signifi-
cant variables (Table 3). Asymptotic accuracy of these three-choice models ranged

Asymptotic accuracy is attained when new additions of variables to the model
do not perceptably change its accuracy.

2 Few sockeye salmon age 2.2 were found in the escapement to the Stikine River
in 1982.
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Table 2. The mean accuracy (%) attained and the variables selected from age-

specific and age-pooled Nation of Origin Models (SM) for sockeye
salmon. The more significant variables are those with the Tower
rank in the order of significant variables. Asymptotic accuracy is

noted by arrows leading from values. Minor increases in accuracies
are omitted.

RANK ORDER OF SIGNIFICANT VARIABLES

(I.MIigS 1 2 3 4 5 6 7 8 9 10
1.2 89.1 91.9 92.5 >
1.3 86.0 88.3 89.8 90.5 91.8 >
2.2 89.8 92.0 92.8 96.0
2.3 75.2 79.3 87.8 88.7 - >

1.2 &« 1.3 8l.4 86.8 89.3 89.6 >

2.2 & 2.3 83.9 88.4 93.2 - >
All 79.7 84.9 87.2 88.2

Variables in sequence added

1.2 SIX{1),NC(4),™O0(3) ,EIGHT(1) ,ID(3),NC(3) ,WO(4) ,NC(1),ID(1)

1.3 TWO(3),ID(4) ,FOUR(1) ,NC(3) ,NC(4) ,FOUR(3) ,WO(1) ,TWO(4) ,EIGHT (4)
2.2 FOUR(1),SIX(2),NC(4),ID(4),NC(2),™WO(4),ID(1),NC(1),ID(3),NC(3)
2.3 1p(1),ID(4),SIX(2) ,TWO(4) ,NC(1) ,FOUR(3) ,EIGHT (4)

1.2 & 1.3 SIX(1) ,™MO(3) ,ID(4) ,NC(1) ,ID(1} ,TWO(4) ,NC(4) ,EIGHT (1)
2.2 & 2.3 FOUR{1) ,NC(4) ,SIX(2),TWO(4) ,ID(1) ,NC(1),ID(3) ,NC(3) ,EIGHT (4)

All FOUR(1) ,NC{4),TWO(3) , W0 (4) ,ID{3) ,NC(3) ,EIGHT (4) ,SIX (1) ,NC(1) ,ID(1)
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Table 3. The mean accuracy (%) attained and the variables selected from age-
specific and age-pooled Stikine Models (SM) for sockeye salmon. The
more significant variables are those with the lower rank in the order
of significant variables. Asymptotic accuracy is noted by arrows
lTeading from values. Minor increases in accuracies are omitted.

RANK ORDER OF SIGNIFICANT VARIABLES

AGE
CLASS 1 2 3 4 5 6 7 8 9 1b
1.2 70.8 74.2 76.7 83.3
1.3 70.8 75.2 76.3 78.2
2.3 58.4 78.2 80.5 87.8
1.2 & 1.3 62.9 71.6 73.4 78.2
1.28 1.3 60.4  69.2 72.8 77.3 5
5 2.3

Variables in sequence added

1.2 s1X(1),NC(3),™WO(2),ID(1) ,NC(1) ,TWO(3) ,TWO(1) ,ID(3) ,EIGHT (3) ,EIGHT (1)
1.3 '™wO(3),ID(4) ,FOUR(1) ,NC(3) ,NC(4) ,FOUR(3) ,TWO({1) ,TWO(4) ,EIGHT (4)
2.3 FOUR(1),NC(2),ID(3),WO(2),1D(1),NC(1) ,IWO(1) ,ID(2) , TWO(3)} ,EIGHT (3)

1.2 & 1.3 FOUR(1),NC(2),ID(3) ,TWO(2),ID(1) ,NC(1) ,TWO(1) ,ID(2) ,TWO(3) ,EIGHT(3)

1.2 & 1.3 & 2.3 FOUR(1),ID(3),™O(2),TWO(3),SIX(1),NC(3) ,EIGHT(3) ,NC(1) ,ID(1)
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Table 4. Number of scales correctly and incorrectly classified by SM for age
1.2, 1.3, and 2.2 sockeye salmon. Each SM is based on a discriminant
function with 10 variables. Classification accuracies were calculated
with a jackknife procedure. Underlined numbers are correctly classi-

fied.

Actual Classified Origin

Origin Alaska/Nass~Skeena/Stikine  Accuracy

Alaska 91 6 4 90 10 variables

Nass—Skeena 5 89 7 88

Stikine 9 8 84 83 Age 2.3
87% Mean Accuracy

‘Alaska 169 3 28 85 10 variables

Nass-Skeena G 156 38 78

Stikine 22 36 142 71 Age 1.3
78% Mean Accuracy

Alaska 147 3 10 92 10 variables

Nass—-Skeena 3 136 21 85

Stikine 13 28 119 74 Age 1.2

84% Mean Accuracy
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from 77.3 to 78.2, while the accuracy with only the most significant variable
ranged from 60.4 to 62.9%. As before with three choices, classifications by

random chance alone would be correct 33% of the time. Measurements from the

zone corresponding to first-year lacustrine growth {FOUR(1)} represented the

most important variable in the models.

Scale Selection

The manner in which scales were selected for measurement had no significant
effect on the ability of models to separate test scales according to their ori-
gins (Table 5). The mean classification accuracy was highest (93.0% to 97.3%)
when Rules 2-4 (Geographical, Escapement, and Tag Probability Rules) were used

to select scales from Canada for the NOM and was lowest (76.8 to 78.5%) when

Rule 1 (Equal Probability Rule) was used to select Canadian scales for the SM.
Classification accuracy varied as little as 1.9% to as much as 3.7% for differ-
ent rules to select scales from Alaska waters; among Rules 2-4 applied to Canadian
scales, the classification accuracy varied from 0.7 to 2.7%. When confidence
intervals were placed around fractions, only 2 of the 48 90% confidence intervals
(3 replications of 16 combinations) did not bracket the true fractions in the
test population, which indicates that computed intervals correspond to about 95%
confidence, not 90% (Table 6). With 90% confidence intervals, about five of the
estimates are expected as outliers due to random chance alone!. The two missed
fractions occurred in the 90/10 splits when Rule 2 was applied to Alaskan scales
and Rules 2 and 3 applied to scales from Canada.

The models that distinguish fish from Alaskan rivers, the Stikine River, and the
Nass and Skeena Rivers as a unit (Rule 1, Canada scales) had negative fractions
in 11 of 12 trials. Since all fractions must be between zero and unity, negative
fractions indicated that no or few fish from the Stikine River were in the test
population, which was the case here. When negative proportions in u occur in a
model with K groups, the common practice is to remove the group with the negative
proportion from the model and generate a new model on K-1 remaining groups.
Application of Rule 2 to scales from Canada makes this adjustment. Cook (1983)
developed an alternative procedure that adjusts the positive fractions in u for
the negative fraction without building a new model.

DISCUSSION

Differences in Scale Patterns

Although only scales collected in 1982 were used in our analyses, our results
indicate that differences in scale patterns are persistent from year to year.
Because three year classes are represented in the age-pooled models, annual
variation in scale patterns will reduce their accuracy over that achieved with

The conservative nature of confidence intervals around the proportions was

not unexpected. Cook (1982) showed through Monte Carlo simulation that these
confidence intervals, if calculated as suggested in Pella and Robertson (1979),
are closer to 95% confidence intervals
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Table 5.

Comparison of mean accuracies (%) attained from models constructed
from scales selected from stocks of sockeye salmon from both Alaska
four rules.
in Table 4, but unlike in Table 4 where
classifying sets of scales with known
here are the result of jackknife pro-

and from Canada according to
pond to the comparisons made
accuracies are the result of
origins, the mean accuracies

cedures used to build models.

The mean accuracies corres-

Alaska
Range
Rule 1 2 3 4 {Rules 1-4)

Canada 1l 77.3 76.8 78 .5 78 .5 1.9
Canada 2 94.3 94.0 94.8 97.3 3.3
Canada 3 9.0 93.3 95.8 97.0 3.7
Canada 4 93.0 93.3 94.8 96.3 3.3
Range
Rules (2-4) 2.7 0.7 1.0 1.0
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Table 6.

Comparison of four rules for selecting scales from stocks of sockeye salmon from Alaska and Canada
against sets of scales with known origins. Each rule was applied to Alaska and to Canadian stocks
and tested against three sets of scales (90/10, 50/50, and 10/90% Alaska/Canada). The intervals

arqund the fractions are 90% confidence intervals. See text for description of rules and for des-
cription of tests.

% Alaska Rule 1 Alaska Rule 2 Alaska Rule 3 Naska Rule 4
AK/CA
Alaska Skeena/Nass Stikine Alaska Skeena/Nass Stikine Alaska Skeena/Nass Stikine Alaska Skeena/Nass Stikine
Canada 90710 .B42.% ,150 1054 .109 .053 + .164 1.104 + ,144 ,014 + ,108 -,154 & .147 L9534+ .131 L0704 ,105 -.024 4+ ,122 .969 + .115  .087 + .09  ~.056 . .107
Rule 1 50/50 479 4 144 .596 + .168 -.076 +_.151 .583 4+ .148 .609 4 .165 ~.192 + .142 2508 +, .139  .555 & .161 ~.063 + .129 550 1 .133 553 + 159 ~-.103_t .127
10/90 ,044 + .078 1.073 4 .172 -.117 +,.178 L1094+ .184 1.086. ¢ .167 ~.194 ¢ .177 .094 + .086 1,060+ .152 -,153 % .149 1354 .088 1.035+,.158 ~.1704. .164
Alaska Skeena/Nass Alaska Skeena/Nass Alaska Skeena/Nass Alaska Skeena/Nass
Canada  90/10 854+ .079 146 £ .079 977 4..0721 073 £ .072 .944 + .067 ,056_+ ,057 .905 + 053  .095 +. .053
Rule 2 50/50 449 + 054 .551 & .094 »545 & .09 .455 + .096 519 + .094 .481 + 094 503 4, .088 .497 +..088
10/90 .056 + .058  ,944 t .058 102+ ,061 .898 + .061 09 & .064 .905 % .064 W11 4 .066  .889 4. .066
Alaska Skeena/Nass Rlaska Skeena/Nass Alaska Skeena/Nass Alaska Skeena/Nass
Canada 90/10 864 4 075 ,136 + .075 1.017 + 0751 -.017 % .075 .940 +, .063 .060 t, .063 .910 + .054 .090 1, .054
Rule 3  50/50 473 + 091,527 +..091 578 +..099  .422 ¢+ .099 514 & 092,486 +,.092 .495 + .089  .505 t+_ .089
10/90 ,082 +,.053 918 + .053 _ .139. + .065 .861 + .065 103 + .064 .891_+ .064 .091 + ,063 ,909.%1 .063
Alaska Skeena/Nass Alaska Skeena/Nass Alaska Skeena/Rass Alaska Skeena/Nass
Canada 90/10 877 1..086 .123 +_.086 .965 4 .075  ,035 +,.075 .949 £+ .065 ,051 + .065 .924 +..057 .076 & .057
Rule 4 50/50 471 £ .09 .529 %..0% .514 & ,098 .486 + ,098 .514 + 094  .486 £_.094 .503 £..090  .497 +..0%
10/50 .064 + .060 ,936 + .060 087 ¢+ 064 ,912 t ,064 .078 + 062 .922 + .062 .081 + .063 ,919 + .063
1

Actual stock composition outside confidence interval boundaries.



age-specific models. The decrease in mean accuracy from the age-specific to

the age-pooled models is, therefore, a measure of the importance of the vari-
ation in growth caused by density-independent (climate-caused) and density-
dependent factors for the 1976 through 1978 year classes. The asymptotic mean
accuracy dropped slightly (only 6% on average) between the age-specific and the
age-pooled NOM and SM, which indicates that at least for 1976 through 1978,
geographically related differences are far more important that annual variations
in density-dependent and other density-independent factors.

Topography is probably the cause of the persistent differences in scale patterns.
Rivers in Southeastern Alaska have a maritime climate with cool, wet, overcast
summers and wet, overcast, mild winters. The rearing lakes of the Nass, Skeena,
and Stikine Rivers have more continental weather with dry, warm, and sunny summers
and cold, clear winters. These climatic differences most Tikely affect water
temperatures, lacustrine productivity, length and intensity of growing seasons,
and ultimately the growth of sockeye salmon during their freshwater years. Also,
the long distance between rearing lakes in Canada and the sea (Figure 8) represents
a growth environment for migrating sockeye salmon smolts that is not present in
the shorter Alaskan rivers and is the most Tikely cause of the presence of plus
growth 1in fish reared in Canada and the lack of plus growth in salmon reared in
Southeastern Alaska.

Not only are geographic differences in scale patterns persistent between nations,
but geographic similarities in scale patterns are persistent within nations. Pre-
lTiminary comparisons of scale differences through one linear discriminant model
showed only a few scales from a few Alaska rivers were misclassified as being

from Canada. The comprehensive comparison of model accuracy, both mean accuracy
and accuracy against an independent set of scales with known origins, showed that
scales can be sampled in about any fashion with little effect on accuracy, even
with the two most troublesome runs (Filmore and Helm Lake) represented in the
comparison. For scales taken in 1982, any of the four rules of selection gave
about the same results. In selecting scales from Canada, the major differences

in the accuracies for the Equal Probability Rule versus the other rules are actually
differences between the SM and the NOM. The insensitivity of model accuracy to the
way scales are selected is a big advantage, because it permits the selection of
scales by the most convenient way without a penalty in accuracy.

The persistence in scale patterns over year classes indicates that a historical
model can be used to accurately estimate interception rates of sockeye salmon
during a fishing season in southern Southeastern Alaska and northern British
Columbia. This is fortunate because in many other fisheries, annual variation

in scale patterns is too great to produce precise historical models while escape-
ment samples are available too late to be of benefit for calculating interception
rates within a season. Because differences and similarities in scale patterns
are persistent across stocks from year to year (at least from 1976 through 1978),
age-pooled models can be used to classify age-pooled samples from catches in
southern Southeastern Alaska and northern British Columbia. After the season,
age-specific NOM and SM can be built to remove annual variation in scale patterns
from the estimates of interception rates and gain the added accuracy (in this
study an average 6%). Because this study has analyzed only 1 year of data, only
one age-pooled model is available for in-season work. As more information from
future years becomes available, more historical comprehensive age-pooled models
can be developed to estimate interception rates during seasons.
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Figure 8. Comparative lengths of rivers in southern Southeastern Alaska and
northern British Columbia that have major populations of sockeye
salmon.
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Other Stocks

In 1982, the stocks included in our analysis were those that tagging studies
conducted that year indicated were present. However, preliminary results from

the 1983 tagging program showed that significant numbers of sockeye salmon from
the Fraser River in southern British Columbia were present in Alaska District

104. Therefore, scales from the escapement to the Fraser must be added to the
Canada group to build a NOM or to the Nass/Skeena group to build a SM for 1983.
Although no analysis has yet been done on the accuracy of models in separating
these new combinations from Alaska scales, the prognosis is good. The Fraser,
like the Nass, Stikine, and the Skeena, is a large, long river with rearing areas
far from the ocean where climates are more continental. Based on this topography,
the chances are good that growth and subsequently scale patterns on sockeye salmon
reared in the Fraser River will be similar to patterns on scales from the Stikine,
Nass, or Skeena Rivers.

Appropriate Models

The accuracy of all SM and NOM models is sufficient to provide highly precise
estimates of interception rates for sockeye salmon caught in 1982. On average,
models based on only three variables achieved mean accuracies of 91% and 78%

for the age-specific NOM and SM, respectively. The average, asymptotic mean
accuracies for the age-specific NOM and SM are 92 and 85%, respectively. The
ability of SM and NOM to correctly classify sets of scales of known origin in
46 of 48 instances also shows that all the models are good estimator of intercep-
tion rates.

Yet some models are more accurate than others. The two-choice MNational Origin
Models were consistently more accurate than the three-choice Stikine Models.

The SM models lose accuracy because scales from the Stikine and from the Nass

and Skeena Rivers are very similar. The SM correctly classified scales from
Alaskan rivers, but had some trouble with scales from the Canadian rivers. Since
the topography, size, and climate of the Stikine River is very similar to that of
the Nass and Skeena Rivers, there is Tittle surprise that their growth and scale
patterns were similar for 1982. However, this similarity is not so great as to
prevent good discrimination of scale patterns. In eleven out of the twelve cases
that the Equal Probability Rule was. applied to scales from Canada, the SM indi-
cated that no scales from the Stikine River were present when indeed they were
not. In these cases, the correction matrix was good enough to compensate for the
Tower accuracies of the SM.

Because NOM have consistently better accuracy than SM, the latter models should
be used only when fish from the Stikine River are in the district and there is a
need to separate fish from this river from all others. Tagging studies show that
sockeye salmon from the Stikine River were rare or not in Alaska Districts 101-4,
107, and Canadian Districts 1, 3, 4, and northern subdistricts of District 31 in
1982; the NOM models can provide highly accurate estimates of interception rates
of fish from Alaska and the other two Canadian Rivers in these districts. Also,
if NOM are used in these Districts, any strays from the Stikine River in these
districts will most probably be classified as being from Canada and not from
Alaska. In other fishing districts (Alaska Districts 105-6 and 108), accounting
for sockeye salmon from the Stikine River is an important issue and SM should be used.
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The incorrect classifications from the SM will be mostly among fish migrating
to Canada.

RECOMMENDATIONS

1. Further Analysis of 1982 Data: Scale samples collected from the commercial
catches in 1982 should be used to estimate the contribution of each nation's
stocks to the fisheries of the other nation. Estimates should be made for
each gear type and district on as fine a temporal scale as necessary.

2. Analysis of 1983 Data: Age-class specific models should be developed for
the 1983 as was done for 1982 so that sources of variability in scale
patterns among stocks, age classes, and year classes can be identified and
their importance assessed. A new NOM will have to be developed for use in
outer coastal fisheries which includes stocks from the Fraser River.

3. Sampling Program, 1984 (and beyond): Scale samples should be collected from
principal escapements to provide data for age-specific models. After sev-
eral seasons, sampling might possibly be reduced if interannual differences
in scale patterns remains the same. Until then, commercial catch sampling
programs should be conducted to provide weekly estimates of age composition
in fisheries of concern to improve the precision of age-specific models.

The temporal and spatial variability of interception rates within the prin-
cipal fishing districts should be investigated with a comprehensive, site-
specific sampling program in 1984 for post-season analysis.

4. In-season Program, 1984: A program to estimate interception rates during a
fishing season ought to be initiated during 1984. Target fisheries during
the first year should include those in Alaska Districts 101, 104, and 106.
The appropriate NOM or SM to use in-season will be determined following
analysis of 1983 data. A comparison of estimates made during the conduct
of the fisheries using historic models with estimates based on data from
1984 should be made.
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Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S.
Department of the Interior, Washington DC 20240.

For information on alternative formats for this and other department publications, please contact the
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078.
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